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Clinical trial

Comparison of two doses of cimetidine and placebo
in the treatment of duodenal ulcer: a multicentre trial'

SUMMARY Endoscopy, clinical assessment, and laboratory studies were used to compare, in a double-
blind multicentre trial, the effects on patients with duodenal ulceration of treatment for four weeks by
either placebo or 1 g/day cimetidine, or 2 g/day cimetidine. Ulcer healing occurred in 28 % of
patients on placebo, 61 % of patients on 1 g cimetidine daily, and 70% of patients on 2 g cimetidine
daily. Thus cimetidine conferred an advantage over placebo, but the effects of the two doses of
cimetidine were not shown to be different. Symptomatic improvement in patients given cimetidine
was usually marked and occurred early. Patients were required to report all symptoms, but the only
symptom which might have been caused by cimetidine was headache in 5 % of patients. Biochemical
studies showed significant (though slight) rises in serum uric acid, and serum creatinine but no
significant changes occurred in the serum levels of liver enzymes. This study confirms that 1 g is a
suitable daily dose of cimetidine for the treatment of duodenal ulceration.

The choice of dosage for cimetidine was based on the
idea that operations for duodenal ulceration are
curative because they reduce the capacity of the
stomach to secrete acid and pepsin. The idea was to
choose doses of cimetidine which would mimic the
effects of surgery on acid secretion; perhaps they
would also allow ulcers to heal. The present study
was therefore designed to compare the healing of
uncomplicated duodenal ulcers in patients treated
with placebo or with cimetidine in a dose of either
1 or 2 g per day. Pre-clinical and early clinical
studies had suggested that the lower dose of cime-
tidine would be effective.

It was known, for example, that a single dose of
400 mg cimetidine at bed time produced as much
inhibition of nocturnal acid secretion as did a dose of
800 mg (Blackwood and Northfield, 1977). Also, 200
mg taken six-hourly had as much effect during the
daytime asdid400mgsix-hourly(Pounderetal., 1975).
This suggested that 200mg three times a day and 400
mg at bed time would give optimal suppression of acid
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secretion throughout the 24 hours. In addition, we
tested double these doses, so giving 2 g/day cime-
tidine-the largest dose which has been given to a
substantial group of duodenal ulcer patients.
To assess the relative merits of the two doses of

cimetidine we considered it necessary to have in-
formation about the effect of a zero dose; so a
placebo group was designed to contain 25% of the
patients, the others being evenly distributed between
the two treatment groups. Randomisation was
carried out by Smith, Kline and French Labora-
tories Ltd, who provided each centre with tablets in
code-numbered containers. This experimental design
was accepted by local ethical committees. The trial
was started in March 1976 and was completed about
a year later.

Methods

PATIENTS
The 200 patients admitted to the trial were all adults
with uncomplicated duodenal ulcers seen at endo-
scopy less than seven days (and usually about two
days) before the start of the trial. Patients were
excluded who were known to have other gastro-
intestinal disease or who had undergone ulcer
surgery apart from simple suture of a perforation.
Pregnancy and lactation were also contraindications
to entry to the trial. With these provisos, the series of
patients was essentially consecutive. Patients were
randomly allocated in a double-blind manner to one
of three treatments; cimetidine in a dose of 200 mg
three times a day after meals and 400 mg at bedtime
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(1 g daily), 400 mg three times a day after meals and
800 mg at bedtime (2 g daily), or placebo. The
tablets for all three treatments appeared identical.
Patients were also given a known number of un-

marked antacid tablets (actually Rennies, Nicholas
Labs) to be taken as required for relief of pain, so

conventional antacid therapy was not denied to
patients in the placebo group. All other therapy for
peptic ulcer was withdrawn. No guidance was
offered about diet or smoking.

Using diary cards, the patients kept a daily record
of pain and antacid consumption. They were seen
after two and four weeks. At each attendance the
patients were interviewed and examined, diary cards
were scrutinised, and tablet consumption was
checked by inquiry. (Counts of returned tablets were
planned but many patients did not co-operate; we
suspect they hoarded spare cimetidine tablets.) In six
of the centres patients also kept diaries for one week
before entering the trial.
At each attendance blood was taken for routine

analyses, and urine was examined. Within 48 hours of
stopping treatment endoscopy was repeated, usually
by the original endoscopist. Ulcer healing was rigidly
defined as complete disappearance of all ulcers and
erosions. At both endoscopies a note was also made
of duodenitis. This was defined as visual evidence of
inflammation and was assessed on four-point scales
for severity (none, mild, moderate, severe) and for
extent (none, localised to ulcer, more than one area,
and throughout the duodenal cap.) Since no object-
ive criteria of duodenitis could be supplied, these
assessments were subjective and it is unlikely that
different observers applied the same criteria. It is
possible that knowledge of clinical progress might
bias the judgement of endoscopists, so we tried to
arrange for clinical assessment to be done by an
observer who was not the endoscopist. However, this
was not usually possible and in any case it could not
be relied on completely to remove bias. So, although
the trial was double-blind in the sense that neither
patients nor observers knew which of the three
regimes applied in a particular case, it was impracti-
cable to remove all possibility of bias.

Table 1 shows the allocation to different treat-
ments of the patients who entered the trial, and data
relating to those who completed it. The randomi-
sation procedure successfully prevented significant
differences between the groups. Patients in the three
treatment groups were also shown not to differ with
regard to smoking history, alcohol consumption,
whether the ulcer was single or multiple, and inci-
dence of pain by day and by night in the week before
entry to the study. Also, the 20 patients excluded for
reasons detailed below the table were randomly
distributed between the groups. The different

Table 1 Allocation ofpatients to trial

Daily dose Entered Completed Sex Mean Mean duration of
of cimetidine trial trial - age
(glday) M F (yr Ulcer Current

disease relapse
(yr) (mth)

0 50 46 39 7 409 90 6-3
1 78 70 58 12 44-6 8-8 54
2 72 64 481643-7 75 52

Of four patients on placebo who failed to complete the trial, two had
increasing symptoms, one defaulted, and one declined second endos-
copy. Similarly, of eight patients on 1 g/day of cimetidine, two had
persisting symptoms, five defaulted or did not comply with instruc-
tions, and one had only three weeks' treatment. All eight patients on
2 g/day cimetidine who did not complete the trial were excluded for
default or failure to comply with instructions.

centres each contributed 15 to 26 patients to the final
analysis, except Rotherham (52 patients) and one
other centre (nine patients).

Results

ULCER HEALING AND DUODENITIS
Table 2 shows that there was complete healing of
ulcers in 28% of patients on placebo, 61 % of patients
on 1 g cimetidine daily, and 70% of patients on 2 g
cimetidine daily. Both treatment groups showed a
highly significant improvement over the placebo
group, but there was no significant difference
between ulcer healing on different doses of cime-
tidine. Nor was there any difference between the
healing rates for single and multiple duodenal ulcers.
The data on duodenitis was clearly not so satis-

factory as that for ulceration. The scores for'severity'
and 'extent' were identical in 64% of pre-trial
endoscopies and they differed by only 1 point in 30%.
So we felt justified in combining the scores (by
addition) to give a total score in the range 0-6. It was
then obvious that the mean score obtained at the
pre-trial endoscopy varied from 4-84 ± 0.15 (SEM)
in one centre to 2.00 ± 0.50 in another; the data
seemed unsuitable for numerical treatment. Accord-
ingly, we have considered only changes in the total
score, classified as 'better' or 'same or worse'. When
this was done, it could be seen that improvement in
duodenitis was associated with ulcer healing and

Table 2 Healing of duodenal ulcers
Daily dose of Ulcers healed Total treated
cimetidine
(g/day)

0 13 46 X = 10-94
1 43 70 <0- 001
2 45 64 } NS
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Table 3 Association between cimetidine therapy, ulcer
healing and improvement in duodenitis

Placebo Cimetidine

1 glday 2 g/day

Duodenitis better
Ulcer healed 3 30 18
Not healed 2 7 6
Duodenitis same or worse
Ulcer healed 5 8 17
Not healed 22 11 9

From which one may extract tables to show associations between
cimetidine therapy and ulcer healing (x' = 17-74), cimetidine therapy
and improvement in duodenitis (x' = 15-67), ulcer healing and im-
provement in duodenitis (x' = 16-57). In the 73 patients whose ulcers
healed on cimetidine the data suggest that duodenitis improved more
frequently on the lower dose of cimetidine (x' = 4-96, P<0.05).

with the administration of cimetidine (Table 3).
Complete data were available for only 138 patients.

SYMPTOMATIC RESPONSE
Patients treated with cimetidine had significantly
less pain than those receiving placebo throughout the
trial. Figure 1 shows the mean number of days and
nights (± standard errors) on which pain occurred in
each of five weeks, starting one week before the trial
began. There was no difference between the groups
initially; but paired-sample t tests showed that the
reduction in incidence of pain on the placebo was not
significant, whereas on both doses of cimetidine it
was apparent in the first week of treatment (P< 0-005)
and remained so on subsequent weeks (P<0001).
On the other hand, 2-sample t tests showed that at no
stage did a significant difference emerge between the
results with 1 g/day cimetidine and those with
2 g/day.

Patients receiving cimetidine took significantly
fewer antacid tablets than those given placebo each
week throughout the trial except in the first week
among patients given 1 g cimetidine daily; but
antacid consumption was not well correlated with

pain. This is shown in Fig. 2 which plots, for each
patient, the number of days on which pain occurred
against total antacid consumption.
No differences in ulcer healing rates emerged when

the patients were grouped according to sex, age, total
duration of peptic ulcer symptoms, duration of
relapse leading to inclusion in the trial, smoking, or
alcohol consumption. This was true whether the
patients had cimetidine or placebo. Table 4 illus-
trates this for smoking.
The association between ulcer healing and com-

plete relief of pain was, as might be expected, very
significant (Table 5); but it was not absolute, showing
that factors other than ulcer healing are important
for relief of pain.

UNWANTED SYMPTOMS
Seventeen patients on placebo reported 30 symptoms

Table 4 Smoking history, ulcer healing, and complete
relief ofsymptoms at the end of the trial

Patients with ulcers Patients becoming
healed asymptomatic

Placebo Cl C2 Placebo Cl C2

Smokers 8133 30/50 31/44 12/27 34/41 27/33
Non-smokers 5/13 12/20 4/20 8/11 12/16 11/16

Table 5 Association between complete relief of ulcer
pain and healing of ulcer

Ulcer

Healed Not healed Total
(no.) ( /) (no.) ( %) (no.)

Pain
Absent 61 34 31 17 92
Present 40 22 47 26 87
Total 101 78 179

xs = 6-71, P<0-0l.

Placebo
NN 35

°0

00 0
O 0

I 4

1I 1 2 3 4

Cimetidine
1. OG/day

N = 57

-I 1 2 3 4 -I 2 3 4

Fig. 1 The number of days (0)
and nights (a) on which
dyspeptic pain occurred was
noted for five weeks. Observations
started one week before
commencement of the trial of
placebo or cimetidine in the
doses shown. Mean values are
plotted (N = number ofpatients
in each group) and the envelopes
indicate + 1 standard error of
the mean.
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Fig. 2 This compares the number of days on which pain was reported during the four weeks of the
trial with the number of antacid tablets taken (shown on a logarithmic scale). Each dot represents one
patient except where otherwise indicated.

they attributed to the 'new drug'; and 43 patients on
cimetidine reported 58 symptoms. Thus the incidence
of symptoms was no higher in patients on cimetidine
than in those on placebo. Nor was there any sug-
gestion of a dose-related effect among patients
taking cimetidine. The only symptom which appeared
to be peculiar to cimetidine therapy was headache
which occurred in nine patients, two at 2 g/day and
seven at 1 g/day. In addition, three patients on
cimetidine complained of dizziness and one of light-
headedness, symptoms which did not occur in the
placebo group.

HAEMATOLOGY AND BIOCHEMISTRY
During cimetidine therapy a few patients have shown
rises of serum creatinine, serum uric acid, or liver
enzymes. Table 6 was constructed to see whether the
few patients showing such changes were exceptional
or whether they displayed to a greater degree changes
which were present, though very slight, in the
majority of patients. Paired-sample t tests were
performed for each of 13 parameters to compare the
value on day 0 with those on days 14 and 28. These
comparisons were possible in only about half the
potential data because of loss or clotting of some
blood samples and the failure of occasional analyses.
Table 6 shows the mean values (± standard errors of
the means) for the data analysed and indicates those
cases in which the paired-sample t tests were signifi-
cant. Of the 78 comparisons, significant changes
were found only for uric acid, and for creatinine on
day 14 at the higher dose of cimetidine. No significant
change occurred in the mean level of liver enzymes.
An anomaly was the finding of a slight but apparently
significant fall in white cells on day 14 in patients on

the lower dose of cimetidine. No significant abnor-
malities were found on routine urine testing.

Discussion

This trial confirms the therapeutic value ofcimetidine
in uncomplicated duodenal ulceration. It also shows
that patients are not likely to do better on 2 g/day
than on 1 g/day, as the ulcer healing rates were not
statistically different, being respectively 70 and 61 %.
Symptomatic relief was also similar for the two
cimetidine regimens and was rapid, occurring in the
first week of treatment in both cases. These data
therefore conform with the widely-held view that
reduction in acid and pepsin secretion is valuable to
patients with duodenal ulceration; and they justify
the premise on which the dose of cimetidine was
selected for clinical use. The failure of the larger
dose of cimetidine to improve significantly the
results of the lower dose may be explained by experi-
ments which showed that increasing the dose above a
certain level did not cause further reduction in acid
secretion (Pounder et al., 1975; Blackwood and
Northfield, 1977). Moreover, the results agree with
those of other trials, both blind and open, in showing
that with four to six weeks' treatment about 75% of
duodenal ulcers heal regardless of the dose of
cimetidine within the range 0.8-2.0 g/day (X2 = 7X1,
not significant). This is shown for 10 trials including
the present study in Fig. 3 (Bank et al., 1976;
Blackwood et al., 1976; Bodeman and Walan, 1976;
Haggie et al., 1976; Gray et al., 1977; Hetzel et al.,
1977; Peter etal., 1977; Semb et al., 1977; Moshal et
al., 1977).

Variations in placebo healing rates occurred in
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Table 6 Results of laboratory tests

Placebo Cimetidine 1 g/day Cimetidine 2 glday

N Day O Day 14 Day 28 N Day O Day 14 Day 28 N DayC Day 14 Day 28

Haemoglobin
g/dl 18 14.2±0-5 14.2±0-4 14.7±0 3 33 14-4±0-3 14.4±0-2 14-5±0-2 32 14-5±0-3 14.5±0-3 14.7±0-2
Total white cells 7-5 ±0-2
103/mm3 18 74±04 70±04 69±04 33 8.2±0-3 t = 3-28 77±03 32 7.8±03 7.8±03 75±03

P<0-01
Neutrophils
103/mm3 15 4.8±0-5 4-2±04 45±03 23 49±03 4.5±02 4.6±0-3 24 47±0-4 4.7±03 4.6±0-4
Lymphocytes
10'/mm' 12 1.9±0-2 2-1±0 2 1.9±0-1 24 2.6±0-2 2-2±0-2 2.5±02 26 2.4±0-2 2.6±0-2 2.4±0-2
Monocytes
per mm" 12 420±65 370±47 450±73 23 330±48 440±53 430±47 24 450±64 440±57 420±37
Platelets
103/mm' 15 197±12 217±34 204±11 27 234±25 220±19 231 ±17 29 209±12 221 ±12 228±12
Urea
mmol/l 25 4.7±0 3 4.2±0-2 4.5±0:2 38 5-1±0-3 5 0±0 3 4.9±02 42 5.3±0-2 5 0±0-2 5.2±0 2
Creatinine 90±2 96±1 107±5 105±6 115±5 104±4
,umol/l 22 104±5 t = 2-17 t = 1-39 30 103 ±6 t = 079 t = 0-48 31 99±4 t = 3-28 t = 1.10

NS NS NS NS P<0 01 NS
Uric acid 308±13 308±13 345±12 357±14 354±13 350±12
,umol/l 18 337 ±17 t = 245 t = 2-41 30 323±12 t = 1-73 t = 2-89 39 319±12 t = 4-13 t = 4-10

p<0-5 p<0-05 P<0 1 P<0-01 P<0 001 P<0 001
Bilirubin
j.mol/l 19 10.3±1-0 7.9±0-6 10.6±1-1 29 11.2±P13 10.5±1-0 11-1±1.3 34 10.7±0-9 11.6±0-9 11-4±1-0
Aspartate trans.
IU/l 22 20±2 21±3 21±3 37 22±2 23±2 23±2 39 29±4 29±3 31±4
Alanine trans.
IU/l 13 15±2 16±2 16±2 21 16±2 15±2 17±2 23 27±7 25±4 30±6
Alkaline phosphatase
IU/l 19 48±5 51±6 48±4 34 50±6 52±7 47±6 34 50±5 50±5 48±4
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these trials (x2 = 19-2,
explained; but it will be

mbers of patients patients took large amounts of antacid. Had they
53 98 77 68 64 done so, the placebo healing rate might have been

higher.
Tobacco consumption may be an aetiological

factor in the development of peptic ulcer, but
information is lacking on the effect of smoking on the
healing of duodenal ulcers; the present data suggest
that if there is an effect, it cannot be very marked.
This is also true for all the other variables we looked
at; there was, for example, no evidence that cime-
tidine was less (or more) effective in patients with
long or short histories. Our data do nothing to
elucidate the relation between duodenal ulceration
and pain; rather they emphasise the paradox that
ulcers can be painless, and ulcer-type pain can occur

a afi a s s| s in the absence of demonstrable ulceration.
1. 0 2.0 Headache was the only unwanted symptom which

se of cimetidine (grams) one might reasonably suspect to have been caused by

enal ulcers healing in four to cimetidine. Perhaps 'dizziness' and 'lightheadedness'
ing placebo or cimetidine. were attempts to describe the same symptom. In any
fdied at each dose of cime- case these symptoms were mild, and occurred in only
The envelope shows 99% 10% of patients on cimetidine.
?portions healing at each dose. Isolated abnormal values of creatinine, urate, and
dy and nine others.) liver enzymes have been reported in patients on

cimetidine-as, for example in a preliminary account
of this trial (Proceedings of 2nd International Sym-
posium on Histamine H2-Receptor Antagonists,

p < 0005) which are not Excerpta Medica, 1977). This method of recording
noted that very few of our is useful for picking out patients who display marked
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changes, but it might fail to demonstrate alterations
which were consistent, though slight. Such changes
can be shown by comparing, in paired-sample tests,
the value of a parameter on day 0 with that on day 14
and on day 28. This was done in all cases in which
data were complete and, as shown in Table 6, the
abnormalities discovered were those expected. Thus,
a systematic change in creatinine values was seen
only with the larger dose of cimetidine, and only at
day 14. These very slight changes are similar to those
originally reported (Haggie et al., 1976). Although
concentrations of aspartate and/or alanine trans-
aminase rose above the normal range in 18 patients
receiving cimetidine, no systematic change in either
enzyme was found. These results fail to confirm the
systematic change in these enzymes reported by
Blackwood et al. (1976). Rises in serum transaminase
concentrations in our patients were not accompanied
by other changes indicative of hepatoxicity; in
particular no patient developed clinical or subclinical
jaundice.
On the other hand, a slight but consistent rise in

serum uric acid was observed in patients taking
cimetidine. Although the average change was no
greater with the higher dose of cimetidine, it was
more consistent and therefore more significant
statistically. Many drugs are known to influence
urinary excretion of uric acid; the changes found in
this trial are neither large nor progressive over the
period tested, so it is unlikely that they will prove of
clinical significance. We have no explanation for the
slight fall in serum uric acid which occurred in
placebo patients.
The slight (but apparently significant) fall in total

white cells seen at day 14 with the lower dose of
cimetidine is probably the sort of anomalous result
to be expected with a definite frequency when
multiple statistical tests are applied to a large body of
data. It is notable that no such effect was seen with
the larger dose of cimetidine. Also, the change was
not due to a fall in any one of the three main types of
white cell.
We conclude that cimetidine in a dose of 200 mg

three times a day after meals and 400 mg at nights
represents a satisfactory regimen for the manage-
ment of uncomplicated duodenal ulcer; even at
double this dose neither serious side-effects nor
evidence of toxicity was found. On the other hand, a
considerable proportion of patients did not heal
their ulcers, even on the higher dose of cimetidine.
Since it is now known that many patients relapse
after both short and longer courses of cimetidine
(Bodemar and Walan, 1978; Gudmand-H0yer et al.,
1978), it will be necessary to study the course of duo-
denal ulcer disease when treatment is maintained for
years.

The authors are indebted to the departments of
haematology and biochemistry at each of the partici-
pating hospitals, and to departments of pharmacy
for dispensing the trial medicines. The trial was co-
ordinated by the Clinical Research Group, Smith
Kline and French Laboratories, Welwyn Garden
City, to whom thanks are due.
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